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VIABLE LEGIONELL4 PNEUMOPHIL4
NOT DETECTABLE BY CULTURE ON AGAR MEDIA
D. Hussongot*, R. R. Colwell"*, M. O'Brien, E. Weisst, A. D. Pearson2 R. M.
Weiner, and W. D. B urge*
Nficrobiolog IDepatimeiit, Uisi 1v of' Narsland. College Park, Md. 20742. *Soil -M icrobial Svssers Lahoratorv, U.S. Department
of Agriculture, Beltsville. M&. 20705. tNasal MIedital Research Institute, Bethesda, Md. 20814. ---Conimunicable Disease
Surveillance Centre. Lonidoni. Eniglaund. 1'iescit address: U.S. Food and Drug Admniistration. Office of Biologics Research and
Review. Division of Bactiial l'voducts. 88001 Rockville Pike. Bethesda, Nid. 20892. **Fo whomn correspondence and reprint
requests should be addicsseti.

Detection and monitoring of genetically lated from cases where the release of- non-genetically

engineered microorganisms released to engineered organisms has restulted in adverse effects.
the s wel asare Thus, detection and monitoring of genetically engineeredteenvironment, aswl spathogens,ar iom'microorganisms released to the enirnmet becomesa

primary factors in risk assessment. Cul- prime consideration in risk assessment. The ability to
ture methods have been proposed for both culture bacteria has been the practical basis for determin-
detection and monitoring. However, ing their viability, and essential to assessing their presence
mTrogaim innc natra sytm ay~~ ime of Pasteur. Culttirabilitv, then, has been the
mirognssinntrlssem.a ehdo choice foi- detection of microorganisms in the
not always be culturable. We surveyed environment. In this sense, LegioneIla pnesanopliila, the
environmental samples collected from agent of Legionnaires' pneumonia and related illnesses,

poses a microbiological dilemma for environmental morn-
* sources implicated in an epidemic of Le- toring' and pro'ides a tisefu! paradigmi for detection And

gionnaires' disease and, although no cul. monitoring of'genetically engineered microorganisms in
ture wee reoveed fom nvirnmetalthe environment. There is no indicator organism tosames, numrcoeru ell wrmenreoseredta by ggest the presence of L. pneutnophila, wvhich necessitates

te direct detection of L. pneieonophda itself. Unfortunate-
fluorescent microscopy when anti-L. pneu- l., cultural recovery of L. pneurnop/iila f roim environmental
mophila group I antibody was used. Simi- samples is hampered by the presence of laster growing

lar observations have often been made by bacteria, and guinea pig methods for the selective isola-
tion of L. pneuinop/iila reqtiire 106 cells-'7. Legionella have

others. To study this loss of culturability, been sliown to vary in an tigenic composition, virulence
L. pneumophila strains were maintained in and tolerance to chemical agents, SLILh as chlorine. These

a microcosm (vessels containing sterilized differeinces hiave been correlated with the presence of
environmental water) and assayed at inter- plasiuids', environmiental source'''1, and passage his-

tor% "2. Epitletiiologic tNyping must. therefore. ensplo% sera
* vals for growth on appropriate media, and or mlonloclonal aniboldies.

lethality for chick embryos. At V0C, the Adoctforsetaiodmthd 3 asoiedn
our lali rato r, to pros ifle q nan titat ise esti mates of' L.

decimal rate of decline of colony forming reoohaS'lg0Lp1in nvomntls pe.
cells was approximately 29 days; at 37 0C it Somse of' tfle saimplles were collected fromt thle Stafford
was 13 days. When microcosm water sam- Disrict Generail 1-ospita l, soitv alter anl outbreak of

p~es ere njeced ito emryonted ggsLegioiini Ires pn etnni m i Al though ino ctiltu res werepleswer inectd ito e brynatd egsrecoscietl froi tile eiisironmiental waler saiiipllvs alter
far greater chick embryo mortality was the Stafloid epidetic. 1nmerous L. prieuooila of the

obsevedthancoud beaccunte fo by epidemic tspe were ideintified. We h~potliesized that these
th nu be ofclual el nteijc bi. te iia isiay liase beeni viable btio 111-Cl torable, as

the nmberof clturble clls n th injc- hpotlsesized ((Ir Viboo c/,ihoe aansI related organisms b\
tions. Thus, previously non-culturable Le- Cotltli cc al.' ' Expe irueuis %%ie conduLcted is laboratory
gionella had multiplied once again and imlloels (niiirocosiiis)t test this hv~xidiesis for L. plielum-

become culturable. These results indicate p/1l.
that samples that do not contain culturable RESULTS

l-igtive I illtistiates (lie giisstl and stisis-al of Pliiladti-
cells, may contain cells that are viable, as pltia 2 its.istt-rilizcd tap \sater ticiocosin Ilildat 370C.as

* demonstrated by their pathogenicity for rtieas'ii-ed by (Ilii' cotunt (CFU), aciiie orange direct
chick embryos. The fluorescent antibody Couniit (AI(;)' aniii direct fluiiiescent ,intibosls (DI-.)

0 otunt. A\ brief peli-id iif gtiisstlt, es ideit In all tueasture-
assay may provide a valuable indication of mients. %\sts illossed bv decliiiig coutus. Ibe ciiloii\

* the presence of such viable but non-cul- cotmts began to decliie hN ifie tenth das ani AQIX
trbecells. " 1- is declined after thle ttseiiitl das. DF.- counts

turb f remia ineil near i* i e ia k les el lol I s in g tile giwt h
I 4i - Iericuil: :ix 104 nil Idla, 5) to I x 'f)4,nil ttla% :17. Decimasl

G e ei('11 ,ils cgi iecl Ini iIo iga nisils are he- redu ctio nl tite (D ) o tile C sise tim te to e

I applicationis. flosrseI. I sks associatei kih tile Figure 2 illustrates ilse (1'ofsri 6221 ( nu ciial
intioi~tioliit oif stitli uIi ishiirgaistiis into ilie isolate hour tile Stiflsird epdio (ikatV ad I I (:

ern5iroisineilt lmase been li puiilivsi/eil. piinairils extrapo- I lie regi esson lilies (11;iss1fr ohwllt1 ,C :b
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cate D) %allies of' 13 davs at 37C. andI 29 das s at V1C. Tile
last cultorable colonies from the taictocosin maintained at
V'C were ob~tained f-rm thle 741th daiy sample (2.7
CFC/ml). The last culturable colonies fium (lhe microcosmn
maintained at 37C were obtained fromni le 40th day
sample (1.2/mil). DFA counting of a 370(: sample indlicatedlA
7 000/nil on day 32. at a time when the CFU count was
25/mI.

The decline in cultUrable populations of Liegionella inl
microcosms appeared to be temperature dependent. 0

However, DFA counts showed much less or no decline
(Figs. I and 2). Additionallv, the AODC of L. pneninophila 0 1,0 20 30 40

strain Philadelphia 2 in tap wcater (Fig. 1) indicated that
many cells retained properties of viability long after the% DAYS INCUBATED

were no longer detected by agar culture. FIGURE I Growth and survival of L. priuo/Thila strain Philadel-
To further investigate the %iabilits' of nionculturable phia 2 at 37C in sterilized tap water. Colonv forming units on

cells, guinea pigs were inoculated intraperitoneallx with pbMYEa agar (squares); A.cnidine orange direct count (cross-
freshly agar-grown L. pnteuopoilla strain 622 10. The LDso, es); Direct fiuorescent count (diamnids).
calculated by the Reed-Nfoenclt method, was 1.6x 10'
CFU. indicating that thle method was not sufficient[\,
sensitive for the dletection of subtle changes iti viability of
cells in the microcosms. For this reason, the more sensitive
embrvonated egg yolk sac inoculation was used to deter-
mine the LD50 (N'SLD, 0) before and after microcosm A
treatment. The YSLD, 0 of strain 622 10 and Philadelphia 4I
1 washed from fresh agdr giossth, wa. i;, each cse 10
CFU, a much greater sensitivity than the guinea pig 01

procedure. 0

Figure 3 illustrates the Y'SLD_,o of strain 62210 before
microcosm tr-catmient, following brief microcosm treat-
ment at V

0C and fol[lowing extended incubation at 4 anid 0 20 '0 60 s0
37C. Brief incuibation (2 weeks) in a V0C microcosni
rested in no change in the YSLD50) to CFU ratio, i.e. DY NUAE

NYSLD 50 = 10 CFU (Log= 1.0). Followcing microcosm treat- FIGURE 2 L. phtctrrophizka vtrain Stafford 62210 in tap water
ment, the X'SLD, 0 for V0C microcosm cells was 0.5 CFU microcosms held at 4'('ant-i at 370C (duplicate). Colon\ count
(Log= -0.3). and thle YSLIJ~c for 37%C iicrocostn cells of cells from 4'C (squares), and 37C (crosses and di; mondls).
was 0.25 CFL. (Log= -0.6). Thus, the N'SLD~0 \alites were Direct inmunufluoiesceitt count of L. Prtetunwphda in the 37C
reduced 20- to 40-fold fromn the values for fresh Cultures microcosm (triangle).
of strains 62210 (Fig. 3) or Philadelphia 1 (data not
shown) washed from agar. or for Legmunella suispendhed for
only 2 weeks in V0C tap water. 100

Yolk sac tissute from lethally infected chick emibryos was/
examined microscopically arid revealed many bacteria 80 so/
that stained intensely swith acri dine orange, even from0
eggs inoculated with less thtan I CFL (Fig. 4). In adldition,
agar culture of yolk sac tissue frorn these embryos permit-
ted (tense growthi of L. pitrumophdla. These results showed 4

lethal infections were regularly occurring from inoctila
containing less than one culttirable hacterium. Thus, 2

previously non-culturable bacteria had become culturable
following infection of chick embryos. -2 -1 0 1 2

Culture 62210 wcas examined by indirect fluorescemnt
antibodys for its rnonoclonal antibodi binding pattern 1,,17 LOG CFU

(Table 1). Patterns for additional isolates from cother FIGURE 3 Yolk sac lethal dlose totratioti far Lrgone'l strain
Stafford sources were also dletermtined., is were patterns Staflord 62210U. The percentages of emnbrsa titatis %%ere
for bacteria in environmetal wNater samples (whichI were calculated h%, Reed-Muetith mtethod. Lng of the CFU' ijc ted
suspected as thle source of the epidemtic, bill did not yield into salk sacs i% shown ot the x-axis. Bacteria 'sashed from
culturable Legwonella). Antigens detected on bacteria iii the fresh agar colture tiriinglt-0, mtaintaitned for two weeks 'al tal,
envi ro nmental samples revea led a maonaoclotial ati i ttdv water at 4*C (squa Ires): miaiotained 41) das s in 3 7C tapi water

(crosses): msainitainied 72 has s iii VtC tap water ldtaiotttsj.
type similar to strain 6i22 10, but additional antigens scere
detected as well (Table 1). From a 370 C microcosm incti-
bated for 40 days. cells of- strain f622 1(0 did not change iii dent. DFA couints of' thle Philadelphia 2 anid otie of thle
antigen presentation fromt the original culture of' 62210 37C strain 62210 inicrocosmns indicated [to decline be-
(Table 1). Thus, incubation in tap water did not indusce vond the erroir inherent lin these counts. We concudte thle
antigenic chaniges, and this treatmtent does not explain the DFA remained Lurls stable %Ahile thle (1-U tietlined. amid
variety of antigens ton the cells ctollec ted in thle Stafford the AODC of Philadelphia 2 in tap wsater suggested that
condlensate water. these cells remained viable.
DISCUSSION We bad tried to use the direct % iable count ( 1Ps'C) with

The loss of thle cult uralh.- o uL, I L. /ateum/,Iiua veast extrtact en it itet arid nalid ix ic acid t tea itnt to1
Iin thle nicrocosnis appeared to be temperature (I eri- prevent cell divisiton-'. Lnlorr onately, thle egionellri

948 va 5 F. f 7



I

1 strains tested were found to lvse under these test condi- ment as was previously observed in tissues b% Feeler et
th n5. \Without some form of DVC. we were unable to al.', but we have been able to show that the cells not
further reline our estimate of the proportion of viable but recovered actually renained viable. TIhus sse demonstrate
non-culturable cells in the microcosm samples. the modified physiology of non-cultu rable L. pne nuophda

No change in antigen presentation was detected by I FA in tap water is a viable but non-cuturable state. Bacteria in
with monoclonal antibodies, following microcosm treat- this state. may account for a large proportion of environ-
ment. This was not surprising since strain 62210 did not mental bacteria, and could well account for the often
exhibit growth in the microcosm (as did Philadelphia 2). observed failure to culture Legionella froll suspect sam-
and would not be expected to synthesize new surfarce ples2-'. Obviously other factors, such as large numbers of
antigens, background flora, also take their toll in recovery.

Results from inoculations of embryonated eggs with the Although bacterial "die-off' in the environment has
microcosm samples showed that viable L. pneumnophila been reported often when cultural assays are used, recent
were culturallv recoverable from yolk sac tissue of lethally reports have suggested that direct nicroscopic counting
infected embryos inoculated with less than one culturable mav offer more valuable estimates when the bacteria to be
bacterium, which is one tenth the infectious dose of counted may persist in a dormant phase awaiting suitable
culturable bacteria derived from agar. For the sake of conditions for outgrowth''. The implications of the "via-
estimatiotn, it can be calculated that I to 0.5% of the DFA ble but non-culturable state" in I'. cholerae for release of
positive bacteria in the 37°C microcosm were viable, if the genetically engineered organisms to the environment
YSLD*0 (per cell, not CFU) for strain 62210 remained the have been presented by Colwell et al." The embrvotiated
same after microcosm treatment as it was in the control egg studies reported here show that L. pneumophila is vet
tests, 10 cells. It seems probable, howeser, that the viru- another bacterial species (Vibrio cholerae, Escherichia cult.
lence of these non-culturable bacteria was reduced-''-1 , Salmonella and Shigella sp. and Campylobacter jejuni)2 1"2 -

and the number of bacteria required to kill 50V of the which may persist as viable, but nnm-culturable by direct
chick embryos was somewhat greater.

NfcDade and Shepard7 described virulence conversion
of L. pneumophila cultured tinder cifferent conditions, and .--
showed that the most selective method of recovery, was
guinea pig inoculation. Their data also showed poor
recovery of Legionella on enriched Mueller-Hinton (MH-
IH) agar and slightly better recovery on Feelev-Gorman
(FG) agar. Since these methods were not sensitive, even
for infected tissue, these agar media were not ernployed
for environmental recovery.

When Feelev et al.19 employed charcoal yeast extract
(CYE) agar. excellent sensitivity was observed for all but
one test situation where agars were inoculated with infect-
ed tissues. In that case, although recoveryi was accom-
plished. numerical recovery on agar was only 1% the
count predicted by DFA. In that study, they proposed a
different physiologic state to explain the discrepancy in
counts, as well as the possibility that the DFA counts arosefromcell kiled urin th tisue rindng ad hrvesing FWARKll 4 \Ietaboiicallv actixe bacteria are observed hv fluores-
from cells killed during the tissue grindingand harvesting cent microscopy of acridine orange stained yolk sac tissue
procedure. harvested from a lien egg embrN.o which had been iioculated

Our data show similar recoveries from a model environ- with 0.6 CFU of L. pneuntophila strain 62210 trom a 37C
microcosm incubated 40 days.

TABSLE I intm iiofluorescent assay with nonolonal antibodies to L. pneunmuphila.

Monoclonal antibodies'

Sample' W29 P4C3 P9C3 P13-15 W36 W32 JR5 4032 W39 IA IB 2A

Cultures L.
Phila. I - - + - +/- - ++ - - ++ + -
622 10 - - + +/- ++ - . . + - -
62211 - - + +1- + - . . ++ - -
,2212 - - ++ +/- + - . . . - + - -

62213 - - + + + - . . ++ - -
Togus ..... .. ... . +

Stafford drip tray condensate
43036 + + ++ +/- + - ++ + - + + +
43037 + + ++ ,'- + - ++ + - + + + -
43038 + + ++ +- + - , + + - + + + -
43039 + + + +/- +/- - ++ + I - + -
43040 + ++ + +/- + - + + + 4+ -
43041 + + + ++- + + + + + + -

Tap water microcosm
cells - - + +/- ++ . . . . + - -

noclr,onal antibolies against serogroup I strains of L. pmi,,p-mL7 i s ie obt1,ocd how \%%aikls anI I obmi". ex, ept antJilmulies
I -"nd III (aiti-serogioup I. Philadelphia 2 strain) and 2A (anti-ser,,group 2, l,,gus strain) isich % were prepaiel sn our
labhoratories.
-L. pneumophl.a strains Philadelphia I and Togus served as (ontrols. En.siromental samples, of condensate waste drainage from
drlil-( ollection trays were a px)tential sotr e ol lie epidenic agent, iIacte va in tie tap %sd.ate hi rcssin al 37' ( wtre (ouc(cntraimcd
by tentrilugatii and IFA stained.

-', 949



Cul tuore met hod( s. Wit i ew! v described D FA reagents nose- I. Tison, D. in I l Scitilsr. R. j 198)3. Lett-t-4/s as incience ans rsisflitv In
available lor L. pni-amiophdal. laise-positive reports due to potabille dlrining wate5r supplies. AppI. Enitron. MIgrobiol. 45:337-

cros-reativebaceriawillbe geat~' rduce2.. 2.Fliermans. C B.. Ciserr%. W. B.. Corirson. L. H.. Smithf, S. I.. Trson.
future, greater confidence should be placed in DF.\ D. L..and Poipe. I) H. 1981. EciIsgii.al dlistribution i rf Lergilrrnla
results. even in the absence of Cultural confirmation. pnetontiphili. Appi. Eiisioii. Nicrribisl. 41:9-16.

Relibleandaccrat deecton ethdsothr tan u- 3. Flierimans. C. B., Th;idker. W. B.. Orrissri L. H.. and Thac~ker. L.
Relibleand ccuate letctio mehods oter tan ul- 1979. Isoaionr of Lettrunela pneusssssp/sili from nornepislerriislogic-

tural. are needed for- genetically engineered organisms related habsitais. APIA. Esiirois. %Micrisbil. 37:1239-12412.
released to the environment. Until a suitable assav using 4. Edelstein. P. H. 119848. Coll' aratise studs of selective mnedia fsor
gene probes and related molecular genetic methods for ol. 6:697-699~l 1 rrorp~r ru oal ~tr .(ii i oi

detectioni and monitoring are available, the immune flito- 3. Fittgeorge, R. B. arid Dennis. P. J. I 983. Isolation of fLegirsslla pis's.

rescent-epifluorescent detection method appears to be thle mophila froms water supplies: Comiparisonr of methods based on the
mosteffetive 6.guintea-pig and ultre media. _J. Hvg.. Canib. 91: 179-18 o.
mosteffeti~f. 6.Tobin. I. O'H.. Swsann. R.arid Bartlett. C. L R. 1981. Isolation of

Ls-giorss4a pnrssrsplula tri mu water ss stems: methods atid prelirsisnrs
EXPERIMENTAL PROTOCOL results. Brit. Med. J. 282:515-517.

Legionella culture. L. pneurnophida Philadelphia I was received 7. Mc Dade. J. E. and .Shepard, C. C. 1979. V'irulent to asiruenst -rrcr-
frozen in a suspensiotn ofi guintea pig spleen tissue prepared at the sian iif legiotnnaire's disease bacterium lLegisrsella prieturssipicita ---Its

CenersforDisas cotro. Te ultre as ron o phsphte effect an isolatiii tecniqtur.es. 1. hif Dis. 139: 707-71 IL

Cufentes forcoiseas ontraTctre whalgowan phtosphtate 8. BrownIt A.. Vickers, R. NI. Elder, F. Ms.. Letna. M., arid C-1 ritv, G. Mi.
buffred harcal eastextrct gar sithalph-keogluar-ae~~ 1982. Plasstid ant so: fiiceantigen narkersof endlemsc and epideic

(pbCN'Eal for a single passage. sus pended in 20 niM potassium Legiehla pnsssrsiphdia st-atits J. Cliri. Microbiol. 16:231i-23t5.
phosphatem. pH 6.9 buffer with 20% glycerol, and frozen in 9. Para. Mi. F., PIOllouf.i F. atnd Msaher. W. E. 1984. Production of

liquid nitrogen vapor. Philadelphia 2 is described elsewhere"', monoclontal intibodties ito I etiurse1a psessssriphda and sclautuisltip of
and was received frozen fin phosphate buffer. Isolates front monioclonal binding to plasmid content. p. 262-264. In:. C. Thorns-
Stafford 162210). 62211. 62212 and 622131 were received Isophi- berrs. A. Baloirs. . C. Fleks anti W. jakuboiisks (eds.), Ltgruird/la
lized. grown through two passages on pbCYEa and frozen in Po irbigs a Wh i ntrnona, D. psi AeicnSo.t

liudntrotgen. CFLU counts vvere done on for'E- blcoborts spasteaoding
liqidpiCYa iv pradng 10. Bollin. G. E.. PILhIC, J. . Para. M. F.. and Prior. R. B. 1985. Differ-

0.1I or 0.2 ril of diluted sample user the surface of pbCYEa agar nei islneo niomnalioaefesnlonsw/saJ
plates. Plate count agar IDifco Laboratories) enriched with %east Clin. klicrofuiol. 21:67

4
-6i 77

extract to 17c final content plus ferric ps rophosplsate enrichment 11. Kurfita. J. NI., States. S. J. %IcGlaughlin. . E.. Osermeser,.1J. H.,

(PCAYE) was also inoiculated to detect contamination. Cultures Waduwsk% R NI., McNanmara. M, olford. R. S., and Ysee. R. B.
were incubated in a 37C humidified incubator with 2 to Y', CO, 1983. Enhanced chlorine resistanice if tap ssater-adaptedi Leioinella
for 24 to 48 hours for seed Cultures, and up to 7 dass for CFU. pieiipifl/ih as csimpared isitfi igar-itedium passaged strains. App.

Counts. L. pneunicp/tda in sulk sac tissue were cultured h% smear- Enirn Elrbo. 02-6
ing washet tissue us-er pfsCsEa. PCAYE atid thioglscollate broth 12. tliot. J. A. and Johnson. W, 1982. Virulence conversion of Leittsr.Ia

ittoulard fcr costrstls.pneurnlop/sit seiogrouIp I hs passage in guinea pigs and enistrsonated
were also iouaefo (tlrS.eggs. Infect. lntnin. 35;94:3-916.

Microscopic counts. DFA reagents were prosided b% the i3. (;ferts. W. B. aid Mi Kinnex. R. Mi. 1979. Detection of Lettiossnairts
Center tar Disease Control and samples \%ere stainied according disease bactcr.s in clinical spcimens b% direct imnsnrifltiorcscence. p.
to their inst ruo, Iions". Samples far ACIDC wsere filtered onto 92-10i3. In: G L _Jones mtid G.. A. Hebert (eds.), Legionnaites: The
Nuclepore 0.22 Irn nmembranecs andl stained as desciibed else- disease, the isa reriint ai~d the tethodologs. U.S. Department of
where",. Thle Kigtire nioditicationit IDA Ci of the AOIDC vas Health. Etducauiotn ansi Writ are. CDC.. Atlanta. Ga.

S cotralstrins eg-sinrlrs n It laaratrs. 14. Colsrell. R. R.. hi is at. 13. R_. Grimles. D. I.. Roszak. D. B.. Hitof. S. A..attem ptes l 8 otoatansrtipel n h aoao% antI Palutier. L. NI. 198.) %*iabl- bot nan-cuIt urable l i/io rhiilerae ands
Epiff1 tirescen t nuirroscop% twas perforuted swithi a N ikonsts 11)) at related pathiigenss it the ens tritei Ilpications for she relIease of
merctirs l t i 111111,61 ritotsssteiu. hlie red b% blue excitaiots antd gesteticalkI engin-erel into rairqanisis. Bio I cch nologs 35 I 7 s~o
prefilter for fluosresceins. 15t. Hobiie. J. E.. tites. R.. anti .ispec,. .1977. Use of N ocle,ire liliels

Laboratory microcosms. Ta p scater seas atitoclacecl fitid 1(- for (ciii i tg rai tria Is I11CI srit sicrissaips. AppI. tEttsirns.
washed flasks as prcsiittsls dlescribted"" s2. L. pem'nip/ibs from Micprol. 33:1225-122ci
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